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METHOD FOR CONNECTING AN 
INTEGRATED CIRCUIT TO A SUBSTRATE 

AND CORRESPONDING CIRCUIT 
ARRANGEMENT 

This application claims priority from German Applica 
tion Serial No. 102 33 641.5, ?led Jul. 24, 2002. 

RELATED APPLICATIONS 

This application claims priority from German Application 
Serial No. 102 33 641.5, ?led Jul. 24, 2002, the contents of 
Which are incorporated herein by reference. 

TECHNICAL FIELD 

This invention relates to a semiconductor device, and in 
particular to a method for connecting an integrated circuit to 
a substrate and corresponding circuit arrangement. 

BACKGROUND 

In many applications an integrated circuit must be elec 
trically contacted to a substrate. KnoWn CSP (Chip SiZe 
Package) or WLP (Wafer Level Package) solutions for 
connecting an integrated circuit to a substrate reliability 
issues exist When there are changes in temperature, in 
particular in the case of large chips. 

In the case of Chip SiZe Packages and Wafer Level 
Packages, there are essentially tWo types of connection 
structures betWeen the chip and the substrate. 

One method for connecting an integrated circuit to a 
substrate is the use of ball grid arrays With rigid solder balls 
or bumps for mechanical connection. Under?ll can be used 
to increase stability. In this method, the mismatch of the 
thermal properties of the chip and the substrate, in particular 
the coef?cient of thermal expansion, leads to great risks in 
terms of reliability. The solder balls can be sheared off When 
there are changes in temperature. In the case of large chips, 
this reduces the reliability considerably. 

Various intermediate connecting plates, Which serve as a 
stress buffer betWeen the chip With a loW coefficient of 
thermal expansion and the substrate With a high coef?cient 
of thermal expansion. Such connecting plates prevent undes 
ired defects of this type, but increase the height of the 
structure, the number of connections, and at the cost. 

Another solution for connecting an integrated circuit to a 
substrate is the use of elastic elevations. In this method, an 
electronic component has ?exible elevations of an insulating 
material on one surface, an electrical contact is disposed on 
the ?exible elevation, and a conduction path is placed on the 
surface or in the interior of the ?exible elevation betWeen the 
electrical contact and the electronic circuit. An advantage of 
this solution is a loWer height of the structure, greater 
reliability and loWer cost. In this method, the elastic contact 
elements are soldered or adhesively bonded onto the sub 
strate. 

Common to both groups is that the contact elements are 
?rmly connected to the contact elements of the substrate, 
either by solder or adhesive. Structures or methods in Which 
the contact elements are not ?rmly connected to one another 
are not knoWn. 

An object of the present invention is to provide a simple 
and loW-cost method for connecting an integrated circuit to 
a substrate and a corresponding circuit arrangement Which 
remains largely unin?uenced by thermal mismatching. 

SUMMARY 

The present invention uses a contact system in Which the 
ends of the contact elements of the integrated circuit and 
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2 
substrate are not ?rmly connected to one another, but are 
placed one on top of the other, While being under a speci?c 
pressure. 

In this case, the electrical contact structure of the inte 
grated circuit and/or the electrical contact structure of the 
substrate has elastic elevations. 
The contact surfaces should have good electrical func 

tionality and be stable for a long time With regard to the 
pressure contact. The material of the elastic elevations must 
also retain the desired elasticity in the entire application 
range. 

According to one preferred development, the frame struc 
ture at least partially surrounds the integrated circuit later 
ally With a subregion. 
According to a further preferred development, the subre 

gion is a peripheral annular region. 
According to a further preferred development, the subre 

gion is an interrupted support region. 
According to a further preferred development, the subre 

gion does not touch the surface of the substrate When the ?rst 
electrical contact structure is placed onto the second elec 
trical contact structure. 

According to a further preferred development, heating 
brings the frame structure in contact With the substrate, the 
subregion expanding to such an extent that, at a speci?c 
temperature, the subregion touches the surface of the sub 
strate. When it cools doWn, the subregion remains attached 
to the surface of the substrate. 

In the case of this preferred development, a construction 
Which independently creates a pressure on the elastic eleva 
tions of the contact elements. It must be ensured that the 
connection can be maintained in the entire application range, 
in particular temperature range, Without external assistance. 
Although this embodiment is very advantageous, it is of 
course also possible in the case of the connection to apply an 
external pressure, either to create the connection in the ?rst 
place or to assist this internal effect. 

According to a further preferred development, a compres 
sion stop region can also be included. This compression stop 
region limits the compression of the elastic elevations, is 
provided on the ?rst main area of the integrated circuit. 

According to a further preferred development, a Wiring 
metalliZation is provided on the elastic elevations. 

According to a further preferred development, the frame 
structure has a planar base region, on Which the second main 
area of the integrated circuit is attached and Which protrudes 
laterally beyond the integrated circuit, the subregion being 
connected to the base region at a lateral distance from the 
integrated circuit. 

According to a further preferred development, the frame 
structure is formed as one part. 

According to a further preferred development, the subre 
gion is adhesively bonded or soldered to the surface of the 
substrate. 

According to a further preferred development, the ?rst 
electrical contact structure and the second electrical contact 
structure are brought into mechanical contact in such a Way 
that they are displaceable With respect to each other in the 
common plane When there is different thermal expansion of 
the substrate and the integrated circuit. One particular 
advantage of this development is that, When there are 
changes in temperature, the contact elements are displace 
able in relation to one another, so that the different expansion 
of the electrical circuit and the substrate does not have any 
destructive effects, or it is not opposed. 
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According to a further preferred development, the ?rst 
electrical contact structure has the elastic elevations and the 
second electrical contact structure has planar terminal 
regions. 

According to a further preferred development, the planar 
terminal regions have much greater expansion than seating 
regions of the elastic elevations. 
An exemplary embodiment of the invention is explained 

in more detail in the description Which folloWs and is 
represented in the draWings, in Which: 

DESCRIPTION OF DRAWINGS 

FIG. 1 shoWs a schematic vieW of part of a circuit 
arrangement according to one embodiment of the present 
invention; and 

FIGS. 2a—c shoW schematic representations of a method 
for connecting the part according to FIG. 1 to a substrate 
according to one embodiment of the present invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In the ?gures, the same reference numerals designate the 
same or functionally the same components. 

FIG. 1 is a schematic vieW of part of a circuit arrangement 
according to one embodiment of the present invention. 
Although in the example Which folloWs only one semicon 
ductor chip is illustrated, it should be expressly mentioned 
that the method according to the invention and the corre 
sponding circuit arrangement can be carried out at a higher 
level, for example Wafer level. 

In FIG. 1, shoWs an integrated circuit 1, Which is inte 
grated in a semiconductor chip, for example of silicon, 
Which has a ?rst, front main area HF1 and a second, rear 
main area HF2. Electrical contacts 2 of integrated circuit 1 
are shoWn on the ?rst main area HF1. An insulating layer 7 
lies betWeen the integrated circuit 1 and metalliZation 4. 
Contacts 2 connect Wiring metalliZation 4 to the integrated 
circuit 1 through the insulating layer 7. Provided on the 
insulating layer 7 are elastic elevations 3, the Wiring met 
alliZation 4 is led to the tip region of elastic elevations 3. 
These tip regions represent the electrical contact regions. 

Also located in the edge region of the ?rst main area HF1 
of the integrated circuit 1, are compression stop elements 10. 
These compression stop elements 10 are inelastic and are 
intended to limit the compression of the elastic elevations 3 
to a predetermined maximum value. Thus, counteracting 
possible destruction of the elastic elevations. 

The second main area HF2 of integrated circuit 1 is 
adhesively bonded onto a rear side element 20 of a frame 
structure by a bonding agent 15. The rear side element 20 
extends laterally beyond the extent of the integrated circuit 
1. Provided laterally alongside the integrated circuit 1, at a 
distance created by an intermediate space 5, is an annularly 
peripheral subregion 22 of the frame structure. In the normal 
state, i.e. at room temperature, has an extent up to approxi 
mately half the height of the elastic elevations 3. 

In this embodiment, the subregion 22 is a peripheral ring, 
but could likeWise comprise individual discrete supports. 
The annular form has the advantage that it alloWs the 
packing of the integrated circuit 1 to be made hermetic, i.e. 
protected from any environmental in?uences. 

In this connection it should be noted that, in the case of 
this embodiment, the frame structure 20, 22 is speci?ed as 
being of tWo parts, but could also quite Well be formed as 
one part. 
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4 
FIGS. 2a—c are schematic representations of a method for 

connecting the part according to FIG. 1 to a substrate 
according to one embodiment of the present invention. 

In order to attach the part of the circuit arrangement 
shoWn in FIG. 1, onto a substrate 30, for example a circuit 
board, subregions 22 consist of a material Which can be 
adhesively bonded onto the surface OS of substrate 30. 

In the case of the exemplary embodiment shoWn, ?rst, the 
circuit arrangement shoWn in FIG. 1 is placed onto substrate 
30 in such a Way that the contact structure on the ?rst main 
area of the integrated circuit 1 is placed onto corresponding 
planar contact regions 33 of the substrate. In this case, there 
is an intermediate space G betWeen the loWer end of the 
annular subregion 22 and the surface OS of the substrate 30 
at normal temperature, for example at room temperature. 
The subregion 22 has a greater coef?cient of thermal expan 
sion than the structure enclosed by it, Which includes the 
adhesive 15, the semiconductor chip With the integrated 
circuit 1, the elastic elevations 3 and the Wiring metalliZation 
or else the compression stop elements 10. 

The tWo components are then heated during Which sub 
region 22 expands such that, at a predetermined temperature, 
it touches the surface OS of the substrate 30 and adhesively 
bonds to it. During the subsequent cooling doWn, the bond 
is retained, producing an internal tensile stress ST. Thus, the 
elastic elevations 3 are compressed and the Wiring metalli 
Zation 4 is ?rmly pressed at its tips onto the contact areas 33 
of the substrate 30. 

In order to avoid excessive compression of the elastic 
elevations 3, the compression stop region 10 restricts the 
approach of the electrical circuit 1 to the substrate 30 to a 
predetermined value. 
Amaj or advantage of this embodiment is that the pressure 

can be generated internally, Without the application of an 
external pressure. Of course, an external pressure can be 
applied to assist or as an alternative. For example, a pressure 
could be applied to the rear side of element 20. 

When realiZing a connection of this type, attention must 
be paid to the coef?cients of thermal expansion and the 
Young’s moduli during material selection. Suitable material 
for the elastic elevations 3 are materials With a Young’s 
modulus of E<<100 Gpa. Examples of such materials are 
silicones or combinations of silicones With gas bubbles to 
increase the Young’s modulus. 

Gold is expediently preferred as the contact material for 
the contact regions. It is inert and stable and is not damaged 
When there is possible lateral displacement during the cycli 
cal changes in temperature. Of course, other contact mate 
rials can be used. 

Expedient as the material for the rear side element 20 is 
metal or a hard epoxy resin. If copper is used as the metal, 
the coef?cient of thermal expansion Would be the best that 
can be adapted to the substrate to avoid any further stresses 
in the construction. 

A suitable material for the subregion 22 Would be an 
epoxy resin With a high coefficient of thermal expansion, 
Which makes it possible to build up the internal pressure in 
the desired Way. It Would in this case be possible for the 
adhesive bond to be realiZed by a thermoplastic adhesion 
process, Which is not discontinued When cooling doWn and 
shrinking occur. 

Atypical application range lies betWeen —45° C. and 125° 
C. If, for example, 125° C. is the maximum temperature of 
the application of the connection, the temperature at Which 
the adhesive bond betWeen the subregion 22 and the surface 
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OS of the substrate forms must lie above this, in order that 
the adhesive bond betWeen the subregion 22 and the surface 
OS of the substrate still remains intact even at 125° C. 

In the event that there is a strong thermal mismatch 
betWeen the subregion 22 and the rear side element 20, there 
could be problems With the annular form of the subregion 
22, so that in this case division of the subregion 22 into 
individual supports Would be helpful. 

Although the present invention Was described above on 
the basis of a preferred exemplary embodiment, it is not 
restricted to this, but can be modi?ed in a variety of Ways. 

The present invention can be applied in particular not only 
to chips, but also to hybrids, Wafers or other integrated 
circuits. 
What is claimed is: 
1. A method for connecting an integrated circuit to a 

substrate, the method comprising 
providing a ?rst electrical contact structure on the inte 

grated circuit, 
providing a second electrical contact structure on the 

substrate, 
at least one of the ?rst and second electrical contact 

structures having an elastic elevation thereon, 
attaching the integrated circuit to a frame structure, the 

frame structure including a lateral subregion, the lateral 
subregion at least partially surrounding the integrated 
circuit and not in contact With a surface of said sub 
strate When said current path is formed 

forming a current path betWeen the ?rst electrical contact 
structure and the second electrical contact structure, 
and 

attaching the frame structure to the substrate, thereby 
compressing the elastic elevation; Wherein attaching 
the frame structure includes: 

applying heat to bring said frame structure in contact With 
said substrate, such that upon heating, said subregion 
expands and touches a surface of said substrate, and 
upon cooling, said subregion remains attached to the 
surface of said substrate. 

2. The method according to claim 1, further comprising 
selecting 

said subregion to include a peripheral annular region. 
3. The method according to claim 1, further comprising 

selecting 
said subregion to include a region With individual discrete 

supports. 
4. The method according to claim 1, further comprising 
providing a compression stop region on one of said 

integrated circuit and said substrate. 
5. The method according to claim 1, further comprising 
providing metalliZation on the elastic elevation. 
6. The method according to claim 1, further comprising 

providing, 
on said frame structure, a planar base region that pro 

trudes laterally beyond the integrated circuit, and 
connecting said subregion to the base region such that a 

space exists betWeen said subregion and said integrated 
circuit. 

7. The method according to claim 1, further comprising 
forming a unitary frame structure in Which the subregion 

and a base region are integral With each other. 
8. The method according to claim 1, further comprising 
adhesively bonding said subregion to said substrate. 
9. The method according to claim 1, further comprising 

soldering said subregion to said substrate. 
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10. The method according to claim 1, further comprising 
bringing said ?rst electrical contact structure and said 

second electrical contact structure into mechanical 
contact, such that 

said ?rst electrical contact structure and said second 
electrical contact structure are displaceable With 
respect to each other in a common plane. 

11. The method according to claim 1, further comprising 
disposing said elastic elevation on said ?rst electrical 

contact structure. 

12. The method according to claim 11, Wherein 
the second electrical contact structure has a planar termi 

nal region. 
13. The method according to claim 12, further comprising 
selecting a material having a thermal expansion coef? 

cient of the planar terminal region to be greater than the 
thermal expansion coef?cient of the elastic elevation. 

14. A circuit arrangement manufactured according to the 
method of claim 1, the circuit arrangement comprising 

a ?rst electrical contact structure on the integrated circuit, 
a corresponding second electrical contact structure on the 

substrate, 
the ?rst electrical contact structure being in electrical 

communication With the second electrical contact 
structure, 

at least one of the ?rst and second electrical contact 
structures having an elastic elevation thereon, 

a frame structure attached to the integrated circuit and the 
substrate and being disposed to compress the elastic 
elevation. 

15. A circuit arrangement according to claim 14, Wherein 
said frame structure includes a lateral subregion at least 

partially surrounding the integrated circuit. 
16. A circuit arrangement according to claim 15, Wherein 
said subregion includes a peripheral annular region. 
17. A circuit arrangement according to claim 15, Wherein 
said subregion includes a region With individual discrete 

supports. 
18. A circuit arrangement according claim 14, further 

comprising 
a compression stop region on said integrated circuit. 
19. A circuit arrangement according to claim 14, further 

comprising 
a metalliZation layer on the elastic elevation. 
20. A circuit arrangement according to claim 14, further 

comprising a planar base region on said frame structure, 
Wherein 

said subregion is connected to a base region protruding 
laterally beyond the integrated circuit such that a space 
exists betWeen said integrated circuit and the subre 
gion. 

21. A circuit arrangement according claim 14, Wherein 
said frame structure is a unitary piece. 

22. A circuit arrangement according to claim 14, further 
comprising an adhesive betWeen said substrate and said 
frame. 

23. A circuit arrangement according to claim 14 further 
comprising a solder betWeen said substrate and said frame. 

24. A circuit arrangement according claim 14, Wherein 
said ?rst electrical contact structure and said second 

electrical contact structure are in mechanical contact, 
and 

said ?rst electrical contact structure and said second 
electrical contact structure are displaceable With 
respect to each other in a common plane. 
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25. A circuit arrangement according claim 14, Wherein 
said elastic elevation is connected to said ?rst electrical 

contact structure. 

26. A circuit arrangement according claim 25, Wherein 
said second electrical contact structure has a planar ter 

minal region. 
27. A circuit arrangement according to claim 26, Wherein 
the planar terminal region has a thermal expansion coef 

?cient greater than a thermal expansion coef?cient of 
the elastic elevation. 

28. A circuit arrangement comprising 
a ?rst electrical contact structure on the integrated circuit, 

a corresponding second electrical contact structure on a 

substrate, 
the ?rst electrical contact structure being in electrical 

communication With the second electrical contact 

structure, 
at least one of the ?rst and second electrical contact 

structures having an elastic elevation thereon, and 
a frame structure attached to the integrated circuit and the 

substrate and being disposed to compress the elastic 
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elevation, the frame structure including a lateral sub 
region at least partially surrounding the integrated 
circuit, the subregion including a region With individual 
discrete supports. 

29. A circuit arrangement comprising 

a ?rst electrical contact structure on the integrated circuit, 

a corresponding second electrical contact structure on a 

substrate, 
the ?rst electrical contact structure being in electrical 

communication With the second electrical contact 

structure, 
at least one of the ?rst and second electrical contact 

structures having an elastic elevation thereon, 

a frame structure attached to the integrated circuit and the 
substrate and being disposed to compress the elastic 
elevation; and 

a compression stop region on said integrated circuit. 


